The aim of this study was to explore the clinical efficacy of a novel retrograde puncture approach to establish a preperitoneal space for laparoscopic direct inguinal hernia repair with inguinal ring suturing. Forty-two patients who underwent laparoscopic inguinal hernia repair with retrograde puncture for preperitoneal space establishment as well as inguinal ring suturing between August 2013 and March 2014 at our hospital were enrolled. Preperitoneal space was successfully established in all patients, with a mean establishment time of 6 min. Laparoscopic repairs were successful in all patients, with a mean surgical time of 26 ± 15.1 min. Mean postoperative hospitalization duration was 3.0±0.7 days. Two patients suffered from postoperative local hematomas, which were relieved after puncturing and drainage. Four patients had short-term local pain. There were no cases of chronic pain. Patients were followed up for 6 months to 1 year, and no recurrence was observed. Our results demonstrate that preperitoneal space established by the retrograde puncture technique can be successfully used in adult laparoscopic hernioplasty to avoid intraoperative mesh fixation, and thus reduce medical costs.
Introduction
Inguinal hernia is a common disease (1) for which surgical treatment is the most effective therapeutic approach (2) . Laparoscopic hernia repair involves the clinical application of minimally invasive technique (3) (4) (5) . Totally extraperitoneal hernia repair (TEP) and transabdominal preperitoneal repair (TAPP) are the main surgical approaches for laparoscopic hernia repair (6) (7) (8) . Totally extraperitoneal hernia repair for patients with hernia of the inner ring has the advantage of being minimally traumatic, safe, having few complications and low recurrence rate (9) (10) (11) .
During TEP, establishment of preperitoneal space using different methods is the key to a successful surgery (12) , including the percutaneous balloon separation method, the suprapubic puncture method, the finger separation method, and the direct mirror push method (13) . McKernan et al. (2) were the first to use the percutaneous balloon separator establishing the preperitoneal space. This method requires a special casing and has a high-cost. Suprapubic puncture method can easily cause bowel injury during the blind insertion of the catheter, increasing the risk of infection (14) . The finger separation method, which produces a large incision and has a high risk of injury to the peritoneum, is currently the most common technique (15) . The direct mirror push method needs the lens to be wiped and the abdominal wall is slowly separated without the help of other instruments (16) . Based on the above-described disadvantages of the method, in this study we aimed to introduce a novel approach for the establishment of preperitoneal space during TEP, using the retrograde puncture technique.
In 2004, Moreno-Egea et al. (17) found that the recurrence rate of direct hernia in patients undergoing TEP without fixation was relatively high. In 2012, the guidelines of the International Endohernia Society (IEHS) (18) indicated that tacker fixation could increase the incidence of acute and chronic pain as well as medical costs, and recommended fixation for type III hernias (particularly for direct hernias), but not for type I and II hernias. In our TEP surgeries, we also adopted the internal ring suturing technique to avoid fixations and mesh repairs for patients with bilateral direct hernias or hernias 43 cm, and achieved excellent results.
Material and Methods
The study protocol was approved by the Ethics Committee of the General Hospital of Shenyang Military Area Command, and all participants provided written informed consent.
Of the 42 patients, 19 were males and 23 females. The mean age was 50.4±13.4 years. Fifteen patients had an internal ring diameter 43 cm, while the remaining 27 had a diameter o3 cm. There were 32 cases of unilateral direct hernias (including those with a contralateral oblique hernia), and 10 cases of bilateral direct hernias (19) .
Surgical techniques
In TEP, general anesthesia guided by endotracheal intubation or laryngeal mask, and preoperative indwelling urinary catheterization were applied to the patients who were in a horizontal position. Surgeons were standing contralaterally to the surgical site and the monitor was placed over the surgical site. A triangular puncture, with the two surgical incisions located bilaterally to the observation incision, was made ( Figure 1 ). Preperitoneal space was established using retrograde puncture, which created a 1 cm transverse incision at the hernia site 1 cm below the umbilicus, penetrated through the skin and subcutaneous tissues, and opened the anterior rectus sheath. Subsequently, the rectus abdominis muscle was pulled open with a wire retractor, and the space created between the rectus abdominis muscle and posterior rectus sheath was filled with gauze. The cannula core (Ethion Endo-surgery, LLC.475 Calle C, USA) was inserted through the incision to puncture through the skin at the site preserved for the surgical incision, between the posterior rectus sheath and the rectus abdominis muscle. The cannula was then inserted into the preperitoneal space along the core (Figures 2 and 3) . The other surgery cannula was inserted into the preperitoneal space laterally to the rectus abdominis in the same manner. Finally, the 12-mm cannula was also inserted into the preperitoneal space through the incision. After the successful establishment of the three cannulas, regular inflation was performed, and the endoscope was inserted. After endoscopically locating the two surgery cannulas, they were used to bluntly dissect the muscles and complete the establishment of the preperitoneal space (Figures 4 and  5) . If the space was adequate, an ultrasonic scalpel and atraumatic grasping forceps were inserted to further expand the preperitoneal space. Since the sac of the direct hernia can be easily retracted into the preperitoneum, the internal ring was sutured after separating the hernia.
During internal ring suturing, we had a clear vision of the internal ring after establishing the preperitoneal space and separating the hernia. After measuring the internal ring diameter, we performed the internal ring suturing using the following methods: the pectineal ligament was punctured using the suture needle, and the false sac was pulled into the preperitoneal space; the suture needle was then used to penetrate the base of the sac and puncture through the conjoined tendon arch; as a result, the upper and lower edges of the defect as well as the false sac were sutured together after knotting (Figures 6-9) . Notably, the aforementioned sutures were not tightly knotted, since our primary goal was to shrink the hernia ring and add intervals inside the ring to increase its resistance to the mesh plug. The #0 absorbable sutures were used for suturing.
For the mesh plug placement, the Bard 3DMax mesh (Davol Inc., USA) was placed and flattened at the unfixed myopectineal orifice. The mesh was medially placed across the midline to laterally cover the internal ring and spermatic cord (in male patients), extend into the iliopsoas fascia, inferiorly cross the pectineal ligament, and enter the space of Retzius. Slow inflation with CO 2 was performed to fix the mesh at its designated site.
Results
Preperitoneal space establishment was successfully performed in all cases, and no bleeding complications occurred during the process. The mean establishment time for the preperitoneal space was 6 min. Laparoscopic hernia repair was successful in all patients, with a mean surgery time of 26±15.1 min and mean hospitalization duration of 3.0 ± 0.7 days. Two patients at the early stage of the study suffered from postoperative local hematomas due to false sac effusion caused by incomplete suturing between the false sac base and hernia ring, which was relieved after puncturing and drainage. Four patients had short-term local pain. There were no cases of chronic pain. Patients were followed up for 6 months to 1 year, and no recurrence was observed.
Discussion
Establishment of a preperitoneal space is the key step in TEP. We have created the retrograde puncture method, which can completely eliminate damage to the peritoneum by establishing the preperitoneal space, with the cannula core puncturing through the preperitoneal space from inside, and guiding the cannula to the preperitoneal space. Before inflation and endoscopic dissection of the preperitoneal space, the three cannulas required in the surgery are already in position, which reduces the surgery time and simplifies the procedure. After inflation and endoscope placement, further dissection of the preperitoneal space can be easily achieved using the two aforementioned puncture cannulas, preventing image blurring during dissection with endoscopy.
Whether a mesh plug is needed in the laparoscopic inguinal hernia repair (LIHR) remains controversial (20) (21) (22) . Earlier, mesh fixations were performed using a fibrin sealant or sutures (23) , which led to complications such as foreign body sensation, paresthesia, and acute and chronic pain, and thus increased the medical costs (24) (25) (26) (27) . In 1995, Dunn (28) questioned the necessity of mesh plug placement. In 2004, Moreno-Egea et al. (17) found a high recurrence rate in patients undergoing TEP without mesh fixation. In 2006, Koch et al. (29) claimed that mesh fixation was not needed for defects with a diameter o3 cm. In 2008, Taylor et al. (21) reported that patients with a defect o2 cm could safely undergo a repair surgery without mesh fixation. According to IEHS guidelines (18) , mesh fixation is required in TEP for direct hernia. In our practice of internal ring suturing, we noticed that the internal ring is already occluded before mesh fixation, and recurrence does not seem to occur in the short term even if mesh fixation was not performed (30) . However, better results might be achieved if the repair is reinforced with a mesh fixation.
During LIHR for direct hernia, the false sac base should be sutured together with the internal ring, or local hematoma will occur since effusion of the false sac cannot be drained after the internal ring is closed. In the first two surgeries, we did not suture the false sac base with the internal ring, and effusion occurred due to insufficient drainage. After drainage, the symptoms were relieved.
The surrounding structures of the hernia ring are simple (31) , with the pectineal ligament located below and the conjoined tendon arch above. Thus, suturing of the hernia ring is convenient and easy. However, structures seen under the endoscopic surgery field are displayed in two dimensions (32) , so suturing could be difficult. The suturing site of the hernia ring is similar to "suturing on the ceiling", which increases the surgical difficulty. Moreover, femoral, inferior epigastric, and obturator vessels penetrate through the posterior wall of the myopectineal orifice (33) , and inaccurate surgery will result in damage (34) . Therefore, this surgery should be performed only by surgeons who are highly skilled in endoscopic surgery and suturing (35) . In our opinion, the endoscopic suturing and knotting is a convenient technique to master with regular practicing, which should greatly reduce medical costs.
Before performing the LIHR surgeries in this study, we had extensively practiced with a simulator and skillfully mastered the techniques of suturing and knotting. Therefore, complications associated with internal ring suturing did not occur in our study.
In conclusion, our results demonstrate the successful application of retrograde puncture in establishing the preperitoneal space during an LIHR. LIHR with hernia ring suturing can prevent mesh fixation in adult patients with inguinal hernias, thereby avoiding complications such as pain and bleeding, and also lowering the medical costs. In addition, this technique may broaden the indications for laparoscopic herniorrhaphy to also include patients with large internal ring defects. However, difficult suturing is a limitation of the retrograde puncture technique. We have not yet assessed this novel approach in a large-scale clinical report but the pros and cons of this approach will be further clarified as more surgical cases are carried out.
